Introduction
============

Cardiovascular disease (CVD) remains a major cause of mortality and morbidity worldwide.^([@B1])^ Incidentally, it is now the most prevalent and debilitating disease affecting the health of Chinese populations.^([@B2]--[@B4])^ According to the report on CVD in China in 2010, the number of patients with CVD was 230 million, one in 5 adults was believed to suffer from CVD. Moreover, it is also the leading cause of death in China, accounting for 41% of deaths from any cause annually.^([@B5])^ As we all know, environmental factors may contribute to the risk of CVD to a large extent, and dietary factor, as an aspect of environmental factors, plays a vital role in it. However, since the 1950s, especially in the last 20 years, transitions in eating behaviors tend to emerge in parallel with industrialization and economic development. Average consumption of processed meats, snacking, and fried foods have increased, while the consumption of cereals and tubers have decreased.^([@B6]--[@B8])^ This change along with the shift of disease pattern from predominantly communicable diseases to noncommunicable diseases, such as cardiovascular disease, diabetes and obesity.^([@B9])^

The major cardiovascular risk factors (CVRFs), such as high body mass index (BMI), high blood pressure (BP), dyslipidemia and high fasting blood glucose (FBG) have been well established.^([@B10])^ Previous studies exploring the effects of dietary factors on CVRFs have focused predominantly on individual nutrients or a single food, which oversimplify the complexity of combinations and interactions of nutrients and foods.^([@B11],[@B12])^ In contrast, dietary patterns represent a broader view of foods and nutrients consumption, and be more predictive of disease risk than individual foods or nutrients.^([@B13])^ Nevertheless, only a few studies in Western countries have examined the effects of dietary patterns on the CVRFs. Generally, these studies have identified that greater adherence to the prudent or healthy dietary pattern might be related to a decreased in CVRFs, whereas greater adherence to the Western dietary pattern might be related to an increased in CVRFs.^([@B14]--[@B16])^ To our knowledge, no studies on the associations between dietary patterns and the longitudinal changes in CVRFs have been conducted among Chinese populations.

Thus, we designed a 3-year longitudinal study to identify dietary patterns via principal component analysis and to investigate their impacts on the longitudinal changes in CVRFs among apparently healthy Chinese women. Findings from this study may be potentially of great use for future prevention strategies of CVD among Chinese populations.

Materials and Methods
=====================

Study population
----------------

We conducted a 3-year longitudinal study to investigate the associations between dietary patterns and CVRFs in a representative sample of healthy Chinese women. All subjects recruited in 2011 were re-invited in 2014 to the longitudinal study based on health examinations from the Health Education and Guidance Center of Heping District in Tianjin, China. Of 2,459 eligible individuals, 2,191 (89.1%) responded.

The enrollment process is described in Fig. [1](#F1){ref-type="fig"}. Because the dietary patterns varied in different gender and the number of male subjects (*n* = 332) was too small to perform principal component analysis, males were excluded from current analysis.^([@B17])^ We also excluded subjects who did not receive the blood biochemical test (*n* = 156), who did not have any dietary information (*n* = 26), whose daily energy intakes at the extreme 0.5% upper or lower ends of the range (cut-off points were 806 kcal and 4,910 kcal, *n* = 20), who reported a history of cardiovascular disease (*n* = 379) and who changed their diet and lifestyle during the longitudinal study (*n* = 298). Of these invited, 284 subjects were lost to follow-up. Consequently, the final sample was composed of 1,028 healthy women.

Ethical approval and permission to conduct this study were obtained from the Ethics Committee of Tianjin Medical University, and written informed consent was obtained from all subjects.

Dietary intake and covariates assessments
-----------------------------------------

A validated semi-quantitative food frequency questionnaire (FFQ) that included 81 food items with specified serving sizes was used to assess dietary intake of the subject.^([@B18])^ The FFQ had 7 frequency options as follows: (i) almost never; (ii) less than 1 time per week; (iii) once a week; (iv) 2--3 times per week; (v) 4--6 times per week; (vi) once a day; (vii) more than 2 times per day. The subjects recalled the frequency of each food consumption over the past month. The mean daily consumption of food items, nutrients and total energy were calculated by converting the selected frequency category for each food to a daily intake, using China Food Composition Tables as the database.^([@B19])^ Finally, 81 items were categorized into 25 food groups according to the similarities of the nutritional composition and culinary usage, which were used to derived dietary patterns via principal component analysis (Supplemental Table [1](#ST1){ref-type="supplementary-material"}**\***).

Sociodemographic variables including age, gender, educational level, history of disease, family history of cardiovascular disease, smoking and drinking status were also collected by a structured questionnaire. The education level was divided into 2 categories: less than college degree and college degree or above. Family history of cardiovascular illness was noted from 'yes' or 'no' response to relevant question. An inquiry on smoking status included never, former or current smoker. For drinking status, subjects were asked the frequency of drinking, such as never, former, sometimes and everyday.

All the data were collected in 2014 and the subjects were asked whether or not changed their eating habits and lifestyle during the past 3 years.

Anthropometric and biochemical assessments
------------------------------------------

Each subject's height and weight were measured to the nearest 0.5 cm and 0.1 kg wearing light clothes and no shoes. BMI was then defined as weight/height^2^ (kg/m^2^). Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice after 5 min of rest in the seated position and the mean of them was used in the analysis. Blood samples were drawn from the antecubital vein after fasting for at least 12 h. Serum total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and FBG were measured using the enzymatic methods with an automatic biochemical analyzer (TBA-40, Tokyo, Japan). During 3-year follow-up, all these variables were measured twice at 2011 and 2014.

Statistical analysis
--------------------

All statistical analyses were performed using the SPSS software (SPSS Inc., Chicago, IL, ver. 19). Dietary patterns were derived by using principal component analysis which reduced the 25 food groups into a smaller number of underlying factors. All foods were first converted into grams per day from the FFQ, then principal component analysis method was applied, factors were extracted with varimax rotation to maintain an uncorrelated state and improve interpretability. Finally, three major factors (dietary patterns) were retained on the basis of an evaluation of the eigenvalues (\>1.0), a scree plot, and factor interpretability. We named them: (i) Vegetable pattern, (ii) Meat pattern, and (iii) Animal offal-dessert-and-alcohol (ADA) pattern, according to the foods that loaded highly on each pattern. Factor scores for each pattern were calculated as the sum of the factor loading coefficients and the standardized daily intake of each food associated with that pattern. A higher score corresponded with greater conformity to the derived pattern. Subjects were divided into tertiles by scores for further analyses.

The baseline data and the 3-year changes in CVRFs (i.e., SBP, DBP, BMI, TC, TG, HDL-C, LDL-C, and FBG) were calculated for subjects who had not received medical treatments in the surveys. Due to skewed distribution, and in order to compare on same scale between 2011 and 2014, all CVRFs were standardized using a Fisher-Yates transformation to a normally distributed variable with a mean of 0 and a standard deviation of 1, producing within-cohort z-scores. The longitudinal changes in CVRFs were calculated as the differences in z-scores between two time points. Therefore, increases were represented by positive values and decreases by negative values.

All data are presented as the mean (95% confidence interval) for continuous variables and percentages for categorical variables. We first performed cross-sectional analyses to study baseline characteristics, nutrition and dietary intakes across increasing tertiles of dietary pattern factor scores using general linear model and χ^2^ test for continuous and categorical data. We then performed a longitudinal analysis to examine the relationships between dietary patterns and the 3-year changes in CVRFs using general linear model. For analysis, the changes of CVRFs were used as dependent variables and the dietary pattern factor score tertiles were considered as independent variables. We created two models with different levels of adjustment. Model 1 adjusted for age, while model 2 additionally adjusted for total energy intake, the longitudinal change of BMI, education level, smoking status, drinking status and family history of cardiovascular disease. A two-tailed *p* value \<0.05 was considered statistically significant.

Results
=======

In the present study, three main dietary patterns were derived from the principal component analysis. The factor loadings for each dietary pattern are listed in Table [1](#T1){ref-type="table"}. The first pattern identified as vegetable pattern which explained 15.45% of the total variance of food intake. Foods that loaded highly on this pattern were predominantly melon vegetables, starchy tubers, root vegetables, leafy and flowering vegetables, fungi and algae, lotus root, allium vegetables, fruits, fish, coarse cereals, tea, soybean, nuts, wheat, and dairy products. The second pattern identified as meat pattern which explained 7.66% of the total variance. It was typified by a greater consumption of red meat, rice, poultry, and eggs. The third pattern identified as ADA pattern which explained 7.57% of the total variance. It was characterized by a variety of animal offal, fish, shellfish and mollusc, condiments, convenience foods and desserts, alcohol and beverages, poultry, and red meat. In addition, answer scores of the 81 food items among tertiles of each dietary pattern are presented in Supplemental Table [2](#ST2){ref-type="supplementary-material"}**\***.

Table [2](#T2){ref-type="table"} shows the age-adjusted baseline characteristics of subjects according to tertiles of dietary pattern scores. Subjects in the highest tertile of the vegetable pattern tended to be older, and had a lower proportion of occasional drinkers when compared to whom in the lowest tertile in this pattern. In contrast, subjects in the highest tertile of meat pattern or ADA pattern were more likely to be younger than whom in the lowest tertiles in these patterns. No other significant differences were observed among tertiles of dietary pattern factor scores.

Table [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} show total energy-adjusted daily nutrients and dietary intakes according to dietary pattern score tertiles. Compared to subjects in the lowest vegetable dietary pattern tertile, those in the highest tertile had a significant higher consumption of total energy, carbohydrate, fiber, wheat, starchy tubers, soybean products, total vegetables, total fruits, nuts, total fish, tea, and a lower consumption of total fat, saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), cholesterol, total meats, animal offal, convenience foods and desserts. While compared to subjects in the lowest meat dietary pattern tertile, those in the highest tertile had a significant higher consumption of total energy, total protein, total fat, SFA, cholesterol, rice, total meats, eggs, and a lower consumption of MUFA, polyunsaturated fatty acid (PUFA), carbohydrate, fiber, wheat, coarse cereals, soybean products, total fruits, nuts convenience foods and desserts. In addition, compared to subjects in the lowest ADA dietary pattern tertile, those in the highest tertile had a significant higher consumption of total energy, total protein, total fat, SFA, cholesterol, total meats, animal offal, total fish, convenience foods and desserts, condiments, alcohol and beverages, and a lower consumption of MUFA, PUFA, carbohydrate, fiber, rice, cereals and tubers, soybean products, root vegetables, melon vegetables, leafy and flowering vegetables, total fruits, nuts, dairy products, eggs, and tea.

Over a 3-year period, the associations between tertiles of dietary pattern scores and the changes in CVRFs are indicated in Table [5](#T5){ref-type="table"}. The changes in TC and FBG were decreased with consumption of vegetable dietary pattern. In model 1, the mean (95% CI) of the changes in FBG over 3-year period across increasing tertiles of this dietary pattern scores were 0.10 (0.04, 0.16), 0.07 (0.01, 0.13), and −0.01 (−0.08, 0.05) (*p* for trend = 0.01). Moreover, in model 2, with additional adjustments, the mean (95% CI) of changed TC according to tertiles of this dietary pattern scores were 0.09 (0.01, 0.17), 0.02 (−0.06, 0.09), and −0.07 (−0.15, 0.01) (*p* for trend = 0.01) and the relationship between this pattern and the changes in FBG was essentially unchanged. On the other hand, ADA dietary pattern score was positively associated with the changes in SBP, DBP, TC and LDL-C. In model 1, the mean (95% CI) of changed SBP across increasing tertiles of this dietary pattern scores were −0.06 (−0.15, 0.03), −0.02 (−0.11, 0.07), and 0.07 (−0.02, 0.16) (*p* for trend = 0.01), and the mean (95% CI) of changed DBP were −0.07 (−0.18, 0.04), 0.10 (0.01, 0.21), and 0.14 (0.03, 0.24) (*p* for trend = 0.02). In addition, the mean (95% CI) of changed TC according to tertiles were −0.07 (−0.15, 0.01), 0.04 (−0.04, 0.11), and 0.08 (0.01, 0.15) (*p* for trend = 0.01), and the mean (95% CI) of changed LDL-C were −0.02 (−0.09, 0.06), 0.04 (−0.04, 0.11), and 0.11 (0.04, 0.19) (*p* for trend = 0.03). In model 2, the relationships of this pattern to the changes in DBP, TC and LDL-C were maintained, while the changes in SBP were not associated with this pattern anymore after further adjustments. Moreover, no statistically significant association between meat pattern and the changes in CVRFs was found in model 1 or model 2.

Discussion
==========

To our knowledge, this is the first study to identify the effects of dietary patterns on the longitudinal changes in CVRFs in apparently healthy Chinese women. We identified three major dietary patterns in this study which were labeled "vegetable", "meat" and "ADA" dietary pattern. The results suggested that consumption of vegetable dietary pattern was associated with decreased the changes in TC and FBG, whereas consumption of ADA pattern was associated with increased the changes in DBP, TC and LDL-C. The meat dietary pattern was not associated with the longitudinal changes in CVRFs.

Consistent with findings from this study, dietary pattern characterized by high vegetable intake was associated with lower levels of CVRFs in many studies. Among Western populations, many studies have reported that the vegetable pattern may reduce the levels of CVRFs.^([@B15],[@B20]--[@B22])^ Similarly, in Japanese populations, vegetable pattern was beneficially related to CVRFs.^([@B23],[@B24])^ Furthermore, a meta-analysis that focused on dietary patterns and CVRFs confirmed this association too.^([@B25])^

There are several candidate mechanistic hypotheses that could account for this association. The food items prominent in this dietary pattern are kinds of vegetables, fruits, legumes, grains, cereals, nuts, and tea. Increasing evidences have suggested that higher intake of vegetables and fruits play an important role in decreasing weight, FBG, TC and preventing CVD.^([@B26]--[@B29])^ Besides, eating a variety of whole grain foods and legumes are beneficial in management of blood sugar has also been demonstrated.^([@B30])^ Plant-based foods provide a range of nutrients and different bioactive compounds including phytochemicals, vitamins, minerals, and fibers.^([@B31])^ More than 5,000 individual dietary phytochemicals have been identified in these food mentioned above. Previous result has confirmed that total intake of flavonoids is inversely associated with the LDL-C and TC concentrations.^([@B32])^ Flavonoids have an antioxidant effect is probably by the donation of a single electron to the radical resulting in the formation of a semiquinone radical, which can donate a further electron to form the orthoquinone.^([@B33])^ Additionally, plant-based diets are also high in fiber, which may delay gastric emptying, slow food digestion and absorption, then reduce appetite and food consumption, thereby contributing to improve insulin sensitivity and lower serum lipid concentrations.^([@B34],[@B35])^ Furthermore, lots of studies have also shown that vitamins and minerals, like vitamin C, vitamin E, potassium, and magnesium which are abundant in vegetable are also inversely associated with CVRFs.^([@B36]--[@B38])^

On the other hand, the role of ADA pattern in cardiovascular disease is less consistent. This pattern comprised some items similar to Western dietary pattern which was reported previously. In the Strong Heart Study, followers of the Western pattern had higher LDL-C and SBP.^([@B14])^ Similarly, a recent report among Chinese older adults indicated that individuals who adopted Western dietary pattern had an increased risk of having higher levels of SBP, DBP and TG.^([@B39])^ While, the EPIC-NL cohort study in Dutch showed no association.^([@B40])^ Anyway, the relationships between this pattern and changes in CVRFs may be explained by some potential mechanisms. For instance, the ADA pattern is high in animal offal, such as liver, kidney, etc., which are rich in cholesterol. Previous studies have demonstrated that dietary cholesterol is one of the major determinants of TC.^([@B41],[@B42])^ One systematic review and meta-analysis have also confirmed that dietary cholesterol statistically significantly increased both serum TC and LDL-C.^([@B43])^ Moreover, condiments group consisting of salted vegetable, pickle and fermented bean curd also has significant factor loading in this pattern, diet high in condiments including sodium has been generally accepted as a risk factor for increasing BP.^([@B44])^ Meanwhile, ADA pattern is rich in convenience foods and desserts, alcohol and beverages, the negative effects of those foods upon the CVRFs have already been clarified.^([@B12],[@B45]--[@B47])^ In the present study, we observed that subjects in the highest tertile of ADA pattern were more likely to be younger. Previous studies conducted among Chinese have also suggested that subjects with higher adherence to the dietary pattern, which was characterized by a high intake of animal offal, desserts, dim sum and alcohol, tended to have higher education and income level, but less physical activity.^([@B48]--[@B49])^ The younger people as the backbone of developing China, are often with great pressure from work and life, neglecting the importance of healthy diet. Our findings may provide tangible dietary advice to them.

In addition, we found no association between the meat dietary pattern and CVRFs, although previous studies have shown that a high intake of animal protein (especially red meat) is significantly associated with an elevated level of CVRFs.^([@B50])^ However, our result is in line with the Melbourne Collaborative Cohort Study, which found no association between the frequent intake of meat and CVD, either.^([@B51])^ The possible explanation of this finding maybe the plant foods including rice and vegetables moderate the negative effect of the meat products or the animal foods displace the consumption of more beneficial plant foods.

The present study has several strengths, including the 3-year longitudinal design, the extensive dietary assessments consisting of 81 food items, and the questionnaires were collected through face-to-face interviews. Despite these strengths, certain limitations need to be addressed. Firstly, reliability of memory is recognized as the core problem in dietary measurement, we collected the diet data in 2014 and chose the subjects who did not changed their eating habits during the past three years, therefore, the effects of recall bias cannot be avoided in the present study. Secondly, residual confounding, which is common in observational studies, although we have adjusted for a wide range of potentially confounding covariates, there may be other factors affecting results for the limited data. Finally, because of the small sample size in men, a statistically significant analysis could not be performed, and we cannot report results on the effects of dietary patterns on CVRFs in men.

In summary, our findings would support the notion that greater adherence to vegetable dietary pattern may reduce the longitudinal changes in TC and FBG, whereas greater adherence to ADA dietary pattern may increase the longitudinal changes in DBP, TC and LDL-C among apparently healthy Chinese women. More studies are required to establish a better understanding of potential causal mechanisms, and provide further evidence on this understudied topic.

We deeply appreciate and thank all subjects who participated in the study and the staff of the Health Education and Guidance Center of Heping District in Tianjin for their assistance. This research was supported by the National Science and Technology Support Program (No. 2012BAI02B02).
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###### 

Factor loadings for 3 dietary patterns derived from a principal component analysis^†^

  Food group                       Vegetable pattern   Meat pattern   ADA pattern
  -------------------------------- ------------------- -------------- -------------
  Wheat                            **0.28**            0.07           0.13
  Rice                             0.09                **0.64**       --0.14
  Coarse cereals                   **0.32**            0.00           --0.01
  Congee                           0.15                **0.26**       --0.03
  Starchy tubers                   **0.68**            --0.06         0.06
  Soybean                          **0.29**            0.06           --0.01
  Other legumes                    **0.24**            --0.06         --0.05
  Root vegetables                  **0.66**            --0.04         0.06
  Melon vegetables                 **0.73**            0.11           0.04
  Allium vegetables                **0.56**            0.13           **0.29**
  Leafy and flowering vegetables   **0.65**            **0.22**       --0.04
  Lotus root                       **0.59**            --0.01         **0.26**
  Fungi and algae                  **0.59**            --0.04         **0.28**
  Fruits                           **0.57**            --0.02         0.08
  Nuts                             **0.26**            --0.02         --0.08
  Red meat                         --0.06              **0.77**       **0.21**
  Poultry                          0.04                **0.61**       **0.27**
  Animal offal                     0.07                0.03           **0.80**
  Dairy products                   **0.24**            0.09           --0.02
  Eggs                             0.15                **0.56**       --0.11
  Fish, shellfish and mollusc      **0.33**            0.09           **0.59**
  Convenience foods and desserts   --0.14              --0.01         **0.35**
  Condiments                       **0.24**            0.07           **0.54**
  Tea                              **0.29**            0.18           --0.19
  Alcohol and beverages            0.02                0.05           **0.29**
  Variance explained (%)           15.45               7.66           7.57

^†^Absolute values \>0.20 are shown in bold. ADA, animal offal-dessert-and-alcohol.

###### 

Baseline characteristics of the subjects according to tertiles of each dietary pattern scores^†^

  Characteristics             Vegetable pattern                             Meat pattern                    ADA pattern                                                                                                                                                         
  --------------------------- ---------------------- ---------------------- ---------------------- -------- ------------- ---------------------- ---------------------- ---------------------- -------- -- ---------------------- ---------------------- ---------------------- --------
  No. of subjects             343                    343                    342                    ---                    343                    343                    342                    ---         343                    343                    342                    ---
  Age (years)                 41.5 (40.5, 42.5)      42.9 (41.8, 44.0)      46.2 (45.0, 47.5)      \<0.01                 45.7 (44.5, 46.9)      43.3 (42.2, 44.5)      41.6 (40.6, 42.6)      \<0.01      48.0 (46.9, 49.0)      43.0 (41.8, 44.1)      39.7 (38.7, 40.7)      \<0.01
  BMI (kg/m^2^)               22.3 (22.0, 22.6)      22.3 (22.0, 22.6)      22.5 (22.2, 22.8)      0.30                   22.4 (22.1, 22.7)      22.5 (22.2, 22.9)      22.2 (21.9, 22.6)      0.54        22.4 (22.1, 22.8)      22.3 (22.0, 22.6)      22.4 (22.1, 22.7)      0.93
  SBP (mmHg)                  113.0 (111.5, 114.6)   113.6 (112.0, 115.1)   114.0 (112.5, 115.6)   0.37                   114.1 (112.6, 115.7)   114.1 (112.5, 115.6)   112.4 (110.9, 114.0)   0.13        113.5 (111.9, 115.1)   113.3 (111.7, 114.8)   113.9 (112.3, 115.4)   0.74
  DBP (mmHg)                  74.8 (73.8, 75.8)      74.4 (73.4, 75.4)      75.0 (74.0, 76.0)      0.81                   74.2 (73.2, 75.2)      75.1 (74.1, 76.1)      74.9 (73.9, 75.9)      0.32        75.1 (74.1, 76.1)      74.3 (73.3, 75.2)      74.8 (73.8, 75.8)      0.75
  TC (mmol/L)                 4.9 (4.8, 5.0)         4.7 (4.6, 4.8)         4.9 (4.8, 5.0)         0.87                   4.8 (4.7, 4.9)         4.8 (4.8, 4.9)         4.8 (4.7, 4.9)         0.90        4.9 (4.8, 4.9)         4.8 (4.7, 4.9)         4.8 (4.7, 4.9)         0.42
  TG (mmol/L)                 1.1 (1.0, 1.1)         1.0 (1.0, 1.1)         1.1 (1.1, 1.2)         0.30                   1.1 (1.0, 1.1)         1.0 (1.0, 1.1)         1.1 (1.1, 1.2)         0.21        1.1 (1.1, 1.2)         1.1 (1.0, 1.1)         1.1 (1.0, 1.1)         0.19
  HDL-C (mmol/L)              1.6 (1.5, 1.6)         1.5 (1.5, 1.6)         1.5 (1.5, 1.6)         0.20                   1.6 (1.5, 1.6)         1.6 (1.5, 1.6)         1.5 (1.5, 1.6)         0.20        1.6 (1.5, 1.6)         1.5 (1.5, 1.6)         1.5 (1.5, 1.6)         0.39
  LDL-C (mmol/L)              2.7 (2.6, 2.7)         2.6 (2.5, 2.6)         2.7 (2.6, 2.8)         0.67                   2.6 (2.6, 2.7)         2.7 (2.6, 2.7)         2.6 (2.6, 2.7)         0.65        2.6 (2.6, 2.7)         2.6 (2.6, 2.7)         2.6 (2.6, 2.7)         0.92
  FBG (mmol/L)                5.3 (5.2, 5.3)         5.3 (5.3, 5.4)         5.4 (5.4, 5.5)         0.12                   5.4 (5.3, 5.4)         5.3 (5.3, 5.4)         5.3 (5.3, 5.4)         0.09        5.4 (5.3, 5.4)         5.3 (5.3, 5.4)         5.4 (5.3, 5.4)         0.41
  Education (≥college, %)     76.6                   76.1                   75.8                   0.96                   72.2                   79.6                   76.5                   0.08        78.9                   75.1                   74.9                   0.37
  Smoking status (%)                                                                                                                                                                                                                                                            
   Current-smoker             0.3                    0.9                    1.2                    0.19                   0.3                    0.9                    1.2                    0.19        1.2                    0.6                    0.6                    0.39
   Ex-smoker                  0.6                    0.9                    1.8                    0.14                   1.8                    0.9                    0.6                    0.14        0.9                    0.9                    1.5                    0.46
  Drinking status (%)                                                                                                                                                                                                                                                           
   Everyday                   0.6                    0.9                    0.6                    0.99                   0.6                    0.9                    0.6                    0.10        1.5                    0.3                    0.3                    0.06
   Sometimes                  48.5                   41.9                   37.7                   0.01                   40.9                   43.1                   44.0                   0.42        38.2                   45.5                   44.4                   0.10
   Ex-drinker                 3.2                    4.7                    5.3                    0.14                   4.7                    5.2                    3.2                    0.36        3.2                    5.0                    5.0                    0.26
  Family history of CVD (%)   39.5                   41.9                   37.4                   0.58                   36.5                   40.8                   41.4                   0.20        35.9                   43.1                   39.8                   0.29

Data are presented as mean (95% confidence interval) or %. ADA, animal offal-dessert-and-alcohol; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FBG, fasting blood glucose; CVD, cardiovascular disease. ^†^Characteristics presented in this table were adjusted for age.

###### 

Daily nutrients of the subjects according to tertiles of each dietary pattern scores^†^

  Nutrients intakes     Vegetable pattern                             Meat pattern                    ADA pattern                                                                                                                                                          
  --------------------- ---------------------- ---------------------- ---------------------- -------- ------------- ---------------------- ---------------------- ---------------------- --------- -- ---------------------- ---------------------- ---------------------- --------
  Total energy (kcal)   1,707 (1,644, 1,770)   1,997 (1,939, 2,056)   2,555 (2,472, 2,638)   \<0.01                 1,901 (1,827, 1,975)   1,970 (1,901, 2,039)   2,387 (2,306, 2,469)   \<0.01       2,063 (1,987, 2,139)   1,925 (1,854, 1,996)   2,272 (2,188, 2,355)   \<0.01
  Protein (g)           86.9 (85.8, 88.1)      87.5 (86.4, 88.6)      86.1 (85.0, 87.3)      0.39                   82.9 (81.9, 84.0)      86.1 (85.1, 87.1)      91.5 (90.5, 92.6)      \<0.001      83.7 (82.7, 84.8)      87.3 (86.2, 88.4)      89.6 (88.5, 90.6)      \<0.01
  Total fat (g)         52.1 (51.0, 53.2)      48.2 (47.2, 49.3)      43.3 (42.2, 44.5)      \<0.01                 44.7 (43.6, 45.8)      46.8 (45.7, 47.9)      52.1 (51.0, 53.2)      \<0.01       44.8 (43.7, 45.8)      48.3 (47.2, 49.4)      50.6 (49.5, 51.7)      \<0.01
  SFA (g)               13.1 (12.7, 13.5)      12.1 (11.8, 12.5)      10.7 (10.3, 11.1)      \<0.01                 10.2 (9.9, 10.5)       11.6 (11.3, 11.9)      14.1 (13.8, 14.4)      \<0.01       11.2 (10.9, 11.6)      12.0 (11.7, 12.4)      12.7 (12.3, 13.0)      \<0.01
  MUFA (g)              15.4 (15.0, 15.8)      14.0 (13.6, 14.4)      12.3 (11.9, 12.8)      \<0.01                 16.0 (15.6, 16.4)      13.4 (13.0, 13.8)      12.4 (12.0, 12.7)      \<0.01       14.9 (14.5, 15.3)      14.0 (13.6, 14.4)      12.9 (12.5, 13.3)      \<0.01
  PUFA (g)              11.4 (10.9, 11.9)      11.2 (10.8, 11.7)      11.1 (10.7, 11.6)      0.47                   12.0 (11.5, 12.4)      11.2 (10.8, 11.7)      10.6 (10.1, 11.1)      0.01         11.7 (11.3, 12.2)      11.5 (11.1, 12.0)      10.6 (10.1, 11.0)      \<0.01
  Cholesterol (mg)      578.2 (558.1, 598.2)   556.1 (537.2, 575.1)   493.1 (472.5, 513.7)   \<0.01                 455.9 (438.0, 473.7)   529.7 (512.0, 547.4)   641.6 (623.5, 659.7)   \<0.01       505.1 (486.2, 523.9)   530.9 (511.9, 549.9)   591.7 (572.6, 610.8)   \<0.01
  Carbohydrate (g)      315.9 (312.2, 319.6)   324.7 (321.2, 328.2)   340.2 (336.4, 344.0)   \<0.01                 338.3 (334.8, 341.8)   329.8 (326.3, 333.3)   312.7 (309.1, 316.3)   \<0.01       337.1 (333.6, 340.7)   324.4 (320.8, 328.0)   319.2 (315.6, 322.8)   \<0.01
  Fiber (g)             19.0 (18.5, 19.5)      22.1 (21.7, 22.5)      27.7 (27.2, 28.1)      \<0.01                 24.7 (24.1, 25.2)      23.2 (22.7, 23.8)      20.9 (20.3, 21.4)      \<0.01       24.8 (24.2, 25.3)      22.5 (22.0, 23.0)      21.5 (20.9, 22.0)      \<0.01

Data are presented as mean (95% confidence interval). ADA, animal offal-dessert-and-alcohol; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. ^†^Characteristics presented in this table were adjusted for total energy intake.

###### 

Daily food intakes of the subjects according to tertiles of each dietary pattern scores^†^

  Food intakes                     Vegetable pattern                             Meat pattern                    ADA pattern                                                                                                                                                         
  -------------------------------- ---------------------- ---------------------- ---------------------- -------- ------------- ---------------------- ---------------------- ---------------------- -------- -- ---------------------- ---------------------- ---------------------- --------
  Wheat (g)                        148.1 (138.7, 157.5)   139.9 (131.0, 148.8)   118.5 (108.9, 128.1)   \<0.01                 149.0 (140.0, 158.0)   136.6 (127.7, 145.5)   121.0 (111.8, 130.1)   \<0.01      123.9 (115.0, 132.8)   147.0 (138.0, 156.0)   135.7 (126.7, 144.7)   0.07
  Rice (g)                         137.0 (127.2, 146.9)   154.6 (145.3, 164.0)   136.0 (125.9, 146.2)   0.90                   79.8 (72.2, 87.4)      133.2 (125.7, 140.7)   214.6 (206.9, 222.3)   \<0.01      166.3 (157.1, 175.5)   135.5 (126.2, 144.8)   125.9 (116.6, 135.2)   \<0.01
  Coarse cereals (g)               38.8 (34.6, 42.9)      38.7 (34.7, 42.6)      40.8 (36.5, 45.0)      0.54                   46.8 (42.9, 50.7)      42.1 (38.2, 46.0)      29.3 (25.3, 33.3)      \<0.01      49.1 (45.2, 52.9)      40.4 (36.5, 44.3)      28.7 (24.8, 32.6)      \<0.01
  Congee (g)                       70.8 (65.3, 76.2)      68.4 (63.3, 73.6)      54.7 (49.1, 60.3)      \<0.01                 56.8 (51.5, 62.0)      64.8 (59.6, 69.9)      72.3 (67.0, 77.6)      \<0.01      72.5 (67.3, 77.7)      63.4 (58.2, 68.6)      57.9 (52.7, 63.2)      \<0.01
  Starchy tubers (g)               29.3 (25.2, 33.4)      42.0 (38.1, 45.9)      73.7 (69.5, 77.9)      \<0.01                 60.3 (56.1, 64.5)      45.2 (41.0, 49.3)      39.5 (35.3, 43.8)      \<0.01      54.6 (50.4, 58.8)      45.7 (41.5, 50.0)      44.6 (40.4, 48.9)      \<0.01
  Soybean (g)                      58.2 (52.6, 63.7)      67.6 (62.4, 72.8)      69.6 (63.9, 75.3)      0.01                   69.1 (63.8, 74.4)      65.2 (59.9, 70.4)      61.1 (55.7, 66.5)      0.04        69.0 (63.8, 74.2)      70.1 (64.9, 75.4)      56.2 (50.9, 61.4)      \<0.01
  Other legumes (g)                12.7 (10.7, 14.7)      16.4 (14.5, 18.4)      19.1 (17.1, 21.2)      \<0.01                 18.0 (16.1, 20.0)      17.7 (15.7, 19.6)      12.6 (10.7, 14.6)      \<0.01      18.2 (16.3, 20.1)      16.5 (14.6, 18.4)      13.6 (11.6, 15.5)      \<0.01
  Root vegetables (g)              23.7 (20.2, 27.2)      33.0 (29.7, 36.3)      56.5 (52.9, 60.1)      \<0.01                 45.8 (42.2, 49.3)      37.8 (34.3, 41.3)      29.7 (26.1, 33.3)      \<0.01      44.4 (40.9, 47.9)      36.0 (32.4, 39.5)      32.8 (29.3, 36.4)      \<0.01
  Melon vegetables (g)             128.9 (119.7, 138.1)   170.0 (161.3, 178.7)   239.2 (229.8, 248.6)   \<0.01                 178.3 (168.6, 188.1)   185.8 (176.1, 195.5)   173.8 (163.9, 183.8)   0.53        196.6 (187.0, 206.1)   176.6 (166.9, 186.2)   164.9 (155.2, 174.5)   \<0.01
  Allium vegetables (g)            15.3 (13.9, 16.7)      19.1 (17.8, 20.4)      25.9 (24.5, 27.3)      \<0.01                 19.7 (18.3, 21.0)      20.8 (19.4, 22.2)      19.8 (18.4, 21.3)      0.86        19.0 (17.7, 20.4)      19.3 (17.9, 20.7)      21.9 (20.5, 23.3)      \<0.01
  Leafy/flowering vegetables (g)   115.3 (104.7, 125.8)   167.0 (157.0, 177.0)   243.3 (232.5, 254.1)   \<0.01                 164.2 (153.0, 175.4)   175.1 (164.0, 186.2)   186.2 (174.8, 197.6)   0.01        203.6 (192.8, 214.5)   169.2 (158.2, 180.2)   152.6 (141.6, 163.6)   \<0.01
  Lotus root (g)                   8.3 (6.7, 9.9)         11.3 (9.8, 12.9)       20.1 (18.4, 21.7)      \<0.01                 15.8 (14.2, 17.4)      12.9 (11.3, 14.5)      11.0 (9.4, 12.6)       \<0.01      12.5 (10.9, 14.1)      11.8 (10.2, 13.4)      15.5 (13.9, 17.0)      0.01
  Fungi and algae (g)              16.0 (14.2, 17.9)      23.1 (21.3, 24.8)      32.1 (30.2, 34.0)      \<0.01                 27.8 (25.9, 29.6)      23.3 (21.5, 25.2)      20.1 (18.2, 22.0)      \<0.01      21.2 (19.3, 23.0)      23.3 (21.4, 25.1)      26.8 (24.9, 28.7)      \<0.01
  Fruits (g)                       292.4 (271.4, 313.4)   339.7 (319.8, 359.7)   458.4 (436.9, 480.0)   \<0.01                 412.5 (391.8, 433.2)   371.1 (350.6, 391.7)   307.0 (285.9, 328.0)   \<0.01      415.1 (394.6, 435.7)   331.8 (311.0, 352.5)   343.5 (322.7, 364.3)   \<0.01
  Nuts (g)                         23.1 (20.2, 25.9)      23.6 (20.8, 26.3)      28.3 (25.3, 31.2)      0.02                   31.5 (28.8, 34.3)      24.7 (22.0, 27.4)      18.7 (15.9, 21.4)      \<0.01      32.1 (29.4, 34.8)      24.2 (21.5, 26.9)      18.6 (15.8, 21.3)      \<0.01
  Red meat (g)                     56.9 (52.7, 61.0)      46.0 (42.1, 49.9)      35.3 (31.1, 39.5)      \<0.01                 22.1 (18.8, 25.4)      39.5 (36.2, 42.7)      76.5 (73.1, 79.8)      \<0.01      35.7 (31.7, 39.6)      49.3 (45.3, 53.2)      53.3 (49.3, 57.2)      \<0.01
  Poultry (g)                      37.8 (34.7, 40.8)      31.9 (29.0, 34.8)      22.2 (19.1, 25.3)      \<0.01                 18.7 (16.0, 21.5)      27.2 (24.5, 29.9)      45.9 (43.1, 48.7)      \<0.01      22.7 (19.9, 25.6)      30.7 (27.8, 33.6)      38.5 (35.6, 41.4)      \<0.01
  Animal offal (g)                 19.0 (16.6, 21.4)      14.5 (12.3, 16.8)      9.1 (6.6, 11.5)        \<0.01                 15.3 (13.0, 17.6)      14.6 (12.3, 16.9)      12.6 (10.3, 15.0)      0.12        4.2 (2.2, 6.3)         10.7 (8.6, 12.7)       27.7 (25.7, 29.8)      \<0.01
  Dairy products (g)               118.9 (109.4, 128.3)   116.2 (107.2, 125.2)   105.6 (95.8, 115.3)    0.07                   114.3 (105.3, 123.4)   118.6 (109.6, 127.6)   107.7 (98.4, 116.9)    0.32        126.1 (117.1, 135.0)   110.2 (101.2, 119.2)   104.3 (95.3, 113.4)    0.01
  Eggs (g)                         61.1 (57.8, 64.4)      64.3 (61.2, 67.4)      57.7 (54.3, 61.0)      0.18                   46.3 (43.4, 49.2)      60.0 (57.1, 62.8)      76.7 (73.8, 79.7)      \<0.01      67.3 (64.2, 70.3)      60.8 (57.7, 63.9)      55.0 (51.9, 58.1)      \<0.01
  Fish/shellfish/mollusc (g)       41.3 (36.4, 46.1)      40.7 (36.1, 45.3)      49.5 (44.5, 54.5)      0.03                   44.8 (40.1, 49.4)      44.2 (39.5, 48.8)      42.5 (37.7, 47.2)      0.51        26.3 (22.0, 30.6)      39.1 (34.8, 43.5)      66.1 (61.7, 70.4)      \<0.01
  Convenience foods/desserts (g)   75.6 (70.4, 80.8)      56.2 (51.2, 61.1)      34.0 (28.7, 39.4)      \<0.01                 61.5 (56.3, 66.7)      57.7 (52.6, 62.9)      46.5 (41.2, 51.8)      \<0.01      37.1 (32.2, 42.0)      54.5 (49.6, 59.5)      74.2 (69.2, 79.1)      \<0.01
  Condiments (g)                   15.1 (13.1, 17.0)      13.4 (11.6, 15.3)      15.2 (13.2, 17.2)      0.93                   14.8 (12.9, 16.7)      14.0 (12.1, 15.9)      14.9 (13.0, 16.8)      0.96        7.5 (5.8, 9.2)         13.0 (11.2, 14.7)      23.3 (21.5, 25.0)      \<0.01
  Tea (ml)                         181.1 (127.5, 234.8)   267.0 (216.1, 317.8)   404.8 (349.7, 459.9)   \<0.01                 254.4 (202.3, 306.5)   286.4 (234.7, 338.1)   312.0 (259.0, 364.9)   0.14        402.6 (352.1, 453.2)   278.2 (227.3, 329.2)   171.6 (120.5, 222.8)   \<0.01
  Alcohol/beverages (ml)           99.1 (78.0, 120.3)     93.5 (73.4, 113.5)     106.4 (84.7, 128.1)    0.66                   111.2 (91.0, 131.5)    101.3 (81.2, 121.4)    86.5 (65.9, 107.1)     0.10        75.8 (55.9, 95.7)      92.8 (72.8, 112.8)     130.5 (110.4, 150.6)   \<0.01

Data are presented as mean (95% confidence interval). ADA, animal offal-dessert-and-alcohol. ^†^Characteristics presented in this table were adjusted for total energy intake.

###### 

Associations between each dietary pattern score tertiles and the changes in cardiovascular risk factors during 3-year follow-up

  Cardiovascular risk factors   Vegetable pattern                               Meat pattern                   ADA pattern                                                                                                                                                           
  ----------------------------- ----------------------- ----------------------- ----------------------- ------ ------------- ----------------------- ----------------------- ----------------------- ------ -- ----------------------- ----------------------- --------------------- ------
  **BMI (kg/m**^2^**)**                                                                                                                                                                                                                                                              
   Model 1^†^                   0.05 (0.01, 0.09)       0.04 (0.01, 0.08)       0.04 (--0.01, 0.08)     0.65                 0.01 (--0.03, 0.06)     0.09 (0.05, 0.13)       0.03 (--0.02, 0.07)     0.70      0.01 (--0.03, 0.05)     0.05 (0.01, 0.09)       0.07 (0.03, 0.11)     0.22
   Model 2^‡^                   0.05 (0.01, 0.10)       0.04 (0.01, 0.08)       0.03 (--0.01, 0.08)     0.51                 0.02 (--0.03, 0.06)     0.09 (0.05, 0.13)       0.02 (--0.02, 0.07)     0.85      0.01 (--0.04, 0.05)     0.05 (0.01, 0.09)       0.07 (0.03, 0.11)     0.06
  **SBP (mmHg)**                                                                                                                                                                                                                                                                     
   Model 1                      --0.01 (--0.10, 0.08)   0.02 (--0.07, 0.11)     --0.02 (--0.10, 0.07)   0.96                 --0.03 (--0.12, 0.05)   --0.05 (--0.13, 0.04)   0.07 (--0.02, 0.16)     0.10      --0.06 (--0.15, 0.03)   --0.02 (--0.11, 0.07)   0.07 (--0.02, 0.16)   0.01
   Model 2                      0.03 (--0.06, 0.12)     0.03 (--0.05, 0.12)     --0.07 (--0.17, 0.02)   0.15                 --0.02 (--0.10, 0.07)   --0.04 (--0.13, 0.05)   0.05 (--0.04, 0.14)     0.36      --0.06 (--0.15, 0.03)   --0.01 (--0.09, 0.08)   0.05 (--0.04, 0.14)   0.09
  **DBP (mmHg)**                                                                                                                                                                                                                                                                     
   Model 1                      0.08 (--0.02, 0.19)     0.10 (--0.01, 0.20)     --0.01 (--0.12, 0.10)   0.24                 0.13 (0.03, 0.24)       0.03 (--0.08, 0.13)     0.01 (--0.10, 0.12)     0.40      --0.07 (--0.18, 0.04)   0.10 (0.01, 0.21)       0.14 (0.03, 0.24)     0.02
   Model 2                      0.11 (--0.01, 0.22)     0.11 (0.01, 0.21)       --0.05 (--0.16, 0.07)   0.07                 0.14 (0.04, 0.25)       0.03 (--0.08, 0.13)     --0.01 (--0.11, 0.11)   0.07      --0.07 (--0.18, 0.04)   0.10 (--0.01, 0.21)     0.14 (0.04, 0.25)     0.02
  **TC (mmol/L)**                                                                                                                                                                                                                                                                    
   Model 1                      0.06 (--0.01, 0.14)     0.01 (--0.06, 0.08)     --0.03 (--0.11, 0.04)   0.08                 0.01 (--0.07, 0.08)     0.01 (--0.07, 0.07)     0.03 (--0.04, 0.11)     0.61      --0.07 (--0.15, 0.01)   0.04 (--0.04, 0.11)     0.08 (0.01, 0.15)     0.01
   Model 2                      0.09 (0.01, 0.17)       0.02 (--0.06, 0.09)     --0.07 (--0.15, 0.01)   0.01                 0.02 (--0.06, 0.09)     0.01 (--0.07, 0.08)     0.02 (--0.05, 0.10)     0.90      --0.07 (--0.15, 0.01)   0.04 (--0.03, 0.12)     0.07 (--0.01, 0.15)   0.01
  **TG (mmol/L)**                                                                                                                                                                                                                                                                    
   Model 1                      0.01 (--0.05, 0.07)     --0.01 (--0.07, 0.05)   0.01 (--0.06, 0.06)     0.87                 0.01 (--0.06, 0.06)     0.03 (--0.03, 0.09)     --0.03 (--0.09, 0.03)   0.60      --0.05 (--0.11, 0.01)   0.03 (--0.03, 0.08)     0.02 (--0.04, 0.08)   0.21
   Model 2                      0.01 (--0.05, 0.07)     --0.01 (--0.07, 0.05)   --0.01 (--0.07, 0.06)   0.69                 0.01 (--0.06, 0.06)     0.03 (--0.03, 0.09)     --0.04 (--0.10, 0.02)   0.37      --0.05 (--0.11, 0.01)   0.03 (--0.03, 0.08)     0.02 (--0.05, 0.08)   0.17
  **HDL-C (mmol/L)**                                                                                                                                                                                                                                                                 
   Model 1                      0.08 (0.01, 0.16)       0.04 (--0.04, 0.12)     0.01 (--0.08, 0.08)     0.71                 0.05 (--0.03, 0.13)     --0.02 (--0.10, 0.06)   0.08 (0.01, 0.16)       0.68      --0.03 (--0.11, 0.06)   0.10 (0.02, 0.18)       0.05 (--0.04, 0.13)   0.08
   Model 2                      0.11 (0.02, 0.19)       0.04 (--0.04, 0.12)     --0.03 (--0.12, 0.05)   0.18                 0.06 (--0.02, 0.14)     --0.01 (--0.09, 0.06)   0.07 (--0.01, 0.16)     0.81      --0.03 (--0.11, 0.05)   0.11 (0.03, 0.19)       0.04 (--0.04, 0.12)   0.21
  **LDL-C (mmol/L)**                                                                                                                                                                                                                                                                 
   Model 1                      0.09 (0.02, 0.16)       0.06 (--0.02, 0.13)     --0.01 (--0.08, 0.06)   0.07                 0.05 (--0.03, 0.12)     0.05 (--0.02, 0.13)     0.04 (--0.04, 0.11)     0.83      --0.02 (--0.09, 0.06)   0.04 (--0.04, 0.11)     0.11 (0.04, 0.19)     0.03
   Model 2                      0.09 (0.01, 0.17)       0.06 (--0.02, 0.13)     --0.01 (--0.09, 0.07)   0.09                 0.05 (--0.03, 0.12)     0.05 (--0.02, 0.12)     0.04 (--0.04, 0.11)     0.86      --0.01 (--0.09, 0.06)   0.03 (--0.04, 0.10)     0.12 (0.05, 0.20)     0.02
  **FBG (mmol/L)**                                                                                                                                                                                                                                                                   
   Model 1                      0.10 (0.04, 0.16)       0.07 (0.01, 0.13)       --0.01 (--0.08, 0.05)   0.01                 0.01 (--0.05, 0.07)     0.09 (0.03, 0.15)       0.05 (--0.01, 0.11)     0.33      0.02 (--0.05, 0.08)     0.06 (0.01, 0.12)       0.07 (0.01, 0.14)     0.43
   Model 2                      0.10 (0.03, 0.16)       0.06 (0.01, 0.12)       --0.01 (--0.08, 0.06)   0.04                 --0.01 (--0.07, 0.06)   0.09 (0.03, 0.15)       0.07 (0.01, 0.13)       0.14      0.02 (--0.05, 0.08)     0.05 (--0.01, 0.12)     0.08 (0.02, 0.15)     0.16

Data are presented as mean (95% confidence interval). ADA, animal offal-dessert-and-alcohol; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; FBG, fasting blood glucose. ^†^Model 1: associations adjusted for age. ^‡^Model 2: model 1 with additional adjustments for total energy intake, the longitudinal change of BMI, education level, smoking status, drinking status and family history of cardiovascular disease.

[^1]: Equal contributors.
